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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a semiconductor device, with which a large 
crystalline particle or single crystal can be formed, without 
reduction in yield. 

SOLUTION: An amorphous film is crystallized by moving a 
heating region, while an amorphous part of the amorphous film 
is kept at a low temperature and the front end of crystal 
growth on the amorphous film are heated continuously at a 
high temperature. 
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[HUB] EA/i^ B fe*fcli^ B B B Sr^g*i?^ig ; T 




3 jH-#l=-^<fiw?>a*'&*tf, If* 3 ! 1 2 »zE 20 
«f tlSS *• JffiGIS Art* WK K: XftHMt L 4 ^ 

[»#B6] ffjfE# B B B f€K£& B B B ^1--5XfiJ±> 30 
K ft HX K *r 5 II t . 
ffiE»iKRfcMIE«*«*fiHI+i-S d t IE J; 9 tfJKBMJl 

Sf-r-S^fc^^Srto^Srktf. Ii*if 6 fc8E*<7> 
¥ig#gEB<a®B£#fe 

9 1 tfIte^ B a B «^Sr^ B B B '(li1-?.XSl4. 
S&EiI£Afl;tfrK, fltiE#ASfBi±fc. *S B B srtfii§*£± 
#$-fr5fcit>cD-&JR^Sr^fi£i-SXaSr^-tr. 1 

[»**ioi sffi-hK^AKBtSrfflJrti-sxgfc. so 
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ME#ASf B^fe *J**«««>'>* < t h 1 flUfifi fcfci < 
ttofcffi«$r»jS-*-5XS4:, 

ml!E^ B B B W)WW*£ B B B ^ftW5fe*a5^^?St'AD^b4* 

?,:tiiioT, Afil5^ B B B ^^fe^'ft;-t-«>xai:^:# 
[11*912] ffiEKilJUifcj^ro/^-vKJMWfc 

lit*isi3] Htife#N B B K^M H B B ^i;$feiio-c. m 
mm^mn x vmm&w^ 5 *> . a>* < t fewest 

fe^b^w«a5^^ B B B '(fc$ix4^««^^tp<t 
5 IE, WE#fi«BISr3f^*:#S-C^i-*, 
6, 1 i*sJ:tM 2<^1*ix*»i9fc:E*«*8M*3£B 

•5* IS*^ 6*5^^1 1 — 1 3(D^-fix^lil(r|S*W 

l®,!r*Sfti?rMt5lS5:^ btE«x5> If* 
ig6*3j;^l 1 ~ 1 4<p^-f4x^l?SlEiEicW^3H*^ 

HfJfS^ B B B K^^ B l'[kt[H)^(E. StjfEV-x • Kw-f> 
1 7] SfrSEKiRBISrSf^ro^^^-v^AiR^ 
1 ~ 1 6 «h >fli^ 1 «ir|E*gw^flsSB<oS!!iit* 

So 

[0001] 

*ftlEB8U, #»e. *gth9>"^**ifO***at« 
[0 0 0 2] 



3 

Slhyy^i? (EtT. ai'TFT) 

•ft. ii5ttHg^*3J:t>*6S^>^^ hjLrofcfeir, #*£ B B B 

y=yTFT<oiSttigfti:ii. «K-k<02HS*->y 

[0 00 3] -t LT, $£5tS-CS3\ > D a >)gl£® 

=v«Sr»5fc*«=»±. *«]0^ B B B S->y ayg 

[0004] ^(omm^mx^-i, ^igxusxyy 

fifcix. £bir> -toft. *64*RI$:K*3si-5fc*. l 

ooot, 3o^gft©»i/j!fffon5„ @Sf&*£fe 
(±, pir^ja-c-ftWK^^a^^ixsfcfe, 

«)S7 i 'n-trxi:P¥(itxT*3«3 . IifBH4<Oii5V>SjR (tit 

[0 00 5] rroi?^*©if^ftl:J;9ft?jii 
S^ B B B -> y a ^CD^H,^!^ O . 5 mSat-jb 
t), -tJxi '3^#V^ B e B ^^-r5co(SE^T-fcofc 0 

[0 00 6] -eit', ji^->-^i — Hf— x-— /V . 

(ELA) ffiSrffli^T. J:?>*£&;£ B B B fe^^#3£ffi 
-i^3g$^TVN5. ^oelaS:^ Sffi—<^HR^»S: 
IUjB-f-5fcs!>tw, &1 0 0 n s e c<D'<;l'X$gmz£ l 9 

5 0 47h, ELA^tli, 2 0 0nm|flS©MSS©U 

[0 0 0 7] ;©i94ELAftffl-iiLt, ^HH^P 
6- 1 4 0 3 2 3^-^?gtrP^^$n5 ± 9^^- d r->-7 U 
— if-*«?T*Srffli/^fcfcro*stijeSixT^5. cco^ 

fe-ctt , ^ * >^ u— if -raw* t temmm t <o m k 2 

^ixTlgr-5,, rix^J;>?. ^^/j:^ B %&w#3gSv'y 
3^^q#^ix5 0 
[0 0 0 8] 
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Oidf-yvU- »f— T^— A- (ELA) &t?(4, Apfgi-t" 
3¥>g#J8SOTjgj^>J8lfCi;r «fc 9 RiRJ*#*# < KflPdix 

[0 0 0 9] ttSEOELAfirCH:, Slta;* h^" 

©ELASt'14, /^SfitSiSfcft^ U— tf— 5fcj& 

[00 10] iw$g93f4. ±IEOJ:5/iSISSr«?^i--5 
&^c^ B B B «*fcl±^ B H B ^^@4 9 SriST$-fr5 r t 

[OOll] r<O^05t9— oro@6<j{4, E^T^^hI 

20 T'fcSo 

[0012] 

««5KJt*teJ4, S«±(c^ B B B e«?r^-r-5X@<i: . 

[0013] if 1 "Cfi. ±f5W«t ? ti, *B%ITfflSw 
**WB«r«iatefia*-t-S ttfct, ^ B B B ®^w|g B B B fiS; 

.nnffl-fz z.t&x-$ stirtt, ±m&&r>mmu?&^ 

X V ^ B B B 5fe^-C-co^ H %^S§rffiii-r^ - 1 

AD«i-r^r t^-et-So ^rtxlrii?, ^4 9 aqST-t* 

[0014] If *il 2 (r J;-5 ^igfr^EcoSS^ft^, 
40 w**i<o«fiS:tr*ji,>r» ^ B B B «^«:^ B B B ft:i--5x^ 

so [0015] if *rs 3 ir «t 5 ¥*fc£BroKifcfri2;tt, 



5 

fid -5 if*il3T-(i, r.<75 4 9t- 

[0 0 16] |f*:«4tri5^^awSljt*teii, 
(4. {6?£#iam*T"m®26Sr^B B B^^^I-a^R?-ttb 

(SgAfiKS^) <^&iSifiKL;&;JSfete<E>gB# (#A 

[0 0 17] |f*tS5»r«t5¥-*fls^e<7)84jt^feli, 

/w— :/4 9 5tiR£nfclo£-^if 0 if*^5T*14, :o 

if- Srffl V ^ii , ELAftt-ffli^^ u — «f — t m 
ft 9 , u— if— *^Wi«3i^*tT5 Z.bfrX%Z><D 

L — if— (4. ELASfffl^li^ U-f-(OJ; 5 Id 

[0 0 18] it*«6ir«t5^3f^SroSlit^ifef4. 
4 * fci4 5 w^fiKlcfcl NT , # AWRSrIS Affc-T 

«afe?r.BP.#t-r-5i £K4 9 eSHXI8S£fS*&£-t!r> 

6Ti4, :©i 5t-K«x^*ffl^5 w £K J; 9 . *8*i£ 
©mutt J:o-C*a^**lW«:tt»<ti-* - 1 a*-e# 

[0 0 19] »**7irJ:5^i»fr3S«(0»iJg*«fett. 
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■ft'fc^tr, «i|5iBli s iSMI*fc»4«l«i-2ifc*!>. S4$f 
i&4roi&Tt~ 4 9 » ig*Df^*^lhi-5wi:/i5-C#5o - 
[0 0 2 0] »*3a8fcJ;4i|t*fls«*roj!|Jg*ffi»i. 

it lfigfl-i»<«Eofc««Sr»fiS;i-5xe 

bizXoX. #A«l£3:*£Atei-5X@i:££ir„ if* 
58tli, :«J: ? &iW< i&ofc1Si$&t3:it3 d <ttc:4 

[0 0 2 1] 9 K £ 5 ^*«««?»SS*jSfert, 

»*3Si~803V^i*ix^«>«^*iV^T. ^AffJW^ilS 
^mit-T 5IS», feftftWI-, ^ H B B «^±td, ^ H B B JBg^ 

20 11*^9-^(4, ±IE<o±5t-, ^Ajs£ftji«4r±#^-fr 

[0022] »** 1 0 \z x 5 *mftmm<o$im3yfti 

14. ^±{c^ B B B ^^?F^-r5I^<t. *©#«KK 
<^*g B B B fiS:S^W'>^ <bhi m&ilzm< Wt.-zlzMig.*: 

nam u&tfs ^> , ±is» < o jt«#«A» hmmmm^ 

30 tb$-a:5C ti:J:ot, # B B B fI?:SS B 9 B ftt?.IS<!: 
«^tv^5 0 if*iliox-J4 > z.<ni. btalm<WLo-/z.m 
t&ZWtmz. tKZ. 9 , «^A*"ffiS:^fofc»t— co^ 

[0 0 2 3] if *ig 1 1 izX 5*8W*:Si««)»3fi*ffet? 

(4, sS**R6w«lfiS;Jcj3v>T, ^Ae^ro^A-fkmtc, 

-5. If*ili 1T-I4, zcoi. bWRW.Wk*mMU<v-J7 
40 y^-^ h y •yfxtab'b vxffi,m-tz>^ tCiot. ® 

w^^, mg7B±xzffimt-rz>z.b&xz?>o 
[0024] 1 2 ic 4 5 ^«flc%B«>K it^ftr- 

(4, §f#rg6 *fcf41 1co«^IC4oV>T. KDXI^Srm^ 
w/^-virftttfk-TS b b fcir, ^ a B B e^wS«it:Sr 
fr^/«cv>^r% #ft|fttrotefi{kSrff 5. if* 3 ! 1 2 
T-14, cco4 5tr©Hx)K^FJf^^^— ^^fttt-fk-f-* 

50 ift$tvT^ B B B ^$tu§OT*. ^*SMSS:ie*<brofc»«> 
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m fe <0 ,< 9 -^W^>*9-*-v>f1r%&m:&t£\^ * [0 0 2 9] M*4i 7KiSi|taHMS««>I8JB*JSfe-t? 

**LU:.fc0. #6»«fc*Sft<fcwfc*wj5r?&«v<*-->' 14, Wf#*6 *3 40* 1 1-1 6 ©^-f*t*»<o«*K*v^ 

[00 2 5] 3Ki4^**iS*ro«5t*S-e <fc*fr5o 7 -en, -wi^ r«uko»«& 

[0 0 2 6] 4fc±5*W#»«>iBt**-C $|5T*W7fe?SiR*^M;TUT95HX^(D^(Oraft^{g;Ti- 

14, »** 6*3 ±1*1 1~1 3<ov^i*nA^«fiS;l-*3V^ Sti^K, RJRffllroilitSBwWfEa^M^-t"*. ^2x«- 

IS* 3 if* 3 *! 4tU, :»± 

5K,^_v<Ojgft£[tfV>#< 1 1>— SB&ftA b^l-i - [0 0 3 0] 

[0027] 5fc±*¥*tt§S«0>K5£:frife'e [0031] ^&t::±5#MMfro*Sfifl:tt» -tffcifc© 

jftlw)ti:«i«»i*JJ:try-S««i:4**«i** K, S§£ Lfc& B B B ^j**-r3o r©flL SJ^feii-S 

a is* 5-c-i*, *£*bi±«>*^-&^ (f^& 

w-e, y- h«*R*iea<fc3nfc¥*fc«i:©*ffitf> 10 0 3 2] lot, 5g^bfc*S B B B ^iSc<!:^ B B B &^<!: 

[00 2 8] Bl*«l 6l^i4***3S«©»5fi*ffi^ fc3t*5&Ka**>4. 

(4, 6*54^1 1~1 5©V>-r*t^O«figl'*JV> [0 0 3 3] 14^*1^^ 8%^^^^^^^"^"^ 

T, *ftiK©ieSi-(ttifeffioT, #a««fc**fi*>* 40 #SrW*£ B B B ^|g^bfct#©^©g*^^^ 

SAt^riiaot, y-* • Ki"fy««*»ffi -WtAGtt, EiT©S (1) Ci'Jf^Mo 

U #&Km<D'££kitt\5\mz. y-X- KKVS* AG = 4 Ttr'y + 4/3 • r 3 AG. • • (l) 

ff)gjHt«rff9. W#JU 6T-I4, :oi5I^Ht« — v I4#ffi^*/t^-, A G. l4i§|lK4 5 g * 

^iti;j:ot, %myu j z**famki'i>z.tfrX'% t©s (2) i^s, 

5o * [ 0 0 3 4 ] 

d(AG)/dr= 8 jtr v + 4r'A G. ^0 • • • • (2) 

-5„ flCli. iftSATCSU «T«S (3) ro± [0 0 3 5] 

51^*5. fc*5. ig^*ATI4, «Bi-5ia«ASi»*ir 50 A G.= A H- A S T *? - A S A T ■ • • (3) 



(6) 



[0 0 3 6] ±l£^: (3) Sr^BRb-C. A G. 
(4. a»*ATKlt«b-C*#<ftS 0 SoT, — *tt 
131(4. ^@^fiJfflbT^ a B B ^flF^-r^m^^ii:> SSA 

ig»SATS:/hS< bT. I A G. I fc/h* 

[oo3 7] fc^>5as. =«^b*3B**>y io 

[0 0 3 8] EI 114. »»*«**n*5j:W*S*ritfta 
«v£, ig»«ATfcw— «W*H«S:*b^:ffiB8H-e 
fe<5 0 HlSr#BHbt, AT^</^»\ -S 
< ftofc#88£*nJ&^ ATc^tfiO^ t fcfclStW* 
^ixi^c^^^o r.ni4, I AG. | (^itiPt- 20 
ffot, a (2) iriatSt^r 49* « 

K J: 3 St iS^teT^^S^ 
*#<*9* m/#«£«n*H£TbT^*^£fc*b 

[0039] **w-e», ftJUti/y^ffrb 

ftocifciot, JBii^telftj$££/h£< U ^Aff 

«o*O!0««:ft»K:!«<r«wi*cJ:0IS*rt*»«> 30 

[0 0 4 0] B2I1 
B&EIT-fcSo **Wei4, EI2ir?r:-r < t 51-* £4£<^— 

l 33 ± * 2 UttHHBKi&tt £ #»K«**3 i 40 
^fflS^flSSr^bTSst), ,SJM4, &i£1-*»3~~SS 
7 HJS^ffi^jSffl.^ n ir * ft 5 * AK«**3 i t/S 

[0 0 4 1 ] ETF\ *|6WSr5r^kbfc^JE^ffi^ov^ 
[0 0 4 2] (II ftlUVtt) 0 3 \±, *&w<d% i * 

KSn5feA^JRI»S:*bfc*«:HT*&S« 0 3*3*15 
H4*#BHbr, EATKBl ailCo^ttMt 50 
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[0 0 4 3] r.^^iHifi^T*tt, 

iJblC, S i iHaSrfflV^«JEC VDSCi 9 , 45 0 
•C-e#*ft-> 3 3 bfcm. El 3 X 5 4 

m^i 0 0£ffl^fc*1£ir £9, JISA^SrtTpo 
[0 04 4] mtUF 1 0 0 rt<D#BfU4N*£ U teiS. 

«ofi«ii3B4o o^, K&iM^aueaft losott 

S ioBjR (14 14t) ±9*<45i:»i8 

(OlKftftCSo Sot, JSAffiJtofcftoWJaflBo 
tftflCirb-Ctt, 9 0 0tg^?)14 14ttTOSBi 

^sab-cv^5 0 ^co^^%itbt, jsmiis««-en, 
S5«g.fiy|(^iaasr» 105 o°c^i££L-o^ 0 

[0 0 4 5] 4*3, ±fE<Oi&««&H (9 0 0°C- 1 4 1 

4<C) 14, «l«oi«v^AK2/y3^Blfcll6*fti--5» 

[0 04 6] * fc, 100 ^iSfifl'J £ ifiiaffla £ 

[0047] r r.r% fiios o < Cfc*3*t*e»j**a 
*14, *bl ^m/s e ctrfc5£>T% rtti:«tf#bv^ 

[0 04 8] *r-e, ^©*iJBIi»«-ett, #JMts/ 

tt. Si*. S iiHs^ffl^fcMECVDffiiri^ 4 5 

o°ct% 5 o nm^if t5#& B 0 ^Myi^i 

i RSrfflv>a- i:^* 9 , S i wS*j4W*f45 0- 
1 0 0ffiF«*ig<fc5 o ^bT, H3^*bfcti«^l 
0 Oi^ti^bSfil ?:3mm/m i nC7)^^-e#A 
b, *{BI^3l#tfe< wfc^J:o-C, SSSteSrffSo 
[0 0 4 9] JS»ft^*lPi*:— 
^^rt^J:^, [U4lc:^-rj:9^, fS*ft^*ft*Sffi«-C 

bT> *SA^titf^#oT, ^^MS^tt?*^ 
A^SrfiFofct>^^<tt)3S<J**b, -t^teOttJS* 

^t«**ffift*n±* s *o^5 1 i i: i 9 , El4}c 

[0 0 5 0] Si CO®^, ^$fe^ H e 0^i 14 < 1 1 1 > T? 
'\-£<-tZ>tc£>, (ill) dsaS««-5ptT(-**« 
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(mi n^snau^ 9 ^Sissoigi^ < 1 

10) ^fettikfrJ&M-tZo *<Dlt#>* ffi*Ott«SO 

[0 0 5 1 ] L^L, PfH^Ltt, I^l^W 

ri>o^£Ofi O^ftl^T F T r. £ 

5. 

[0 0 5 2] *fc % :^Ii^Mlnt JifEOj:? 

M»«**4t»*Jt5 w i: 5 i i fcfc, aft 
4gE««fc J: 

[0 0 5 3] Sfc, a«-4gE««2 i 9 MAM<r 

tog*, *«4 5^(STi-5rtt>* 
[0054] cm 2 mifcftm) m 5 #*wo3s 2 * 

2 XWftftK: J: * * »»c»*fcfp« Ufc»-&^«* 

[0 0 5 5] T F T T K $:^ a 9 B ®«rt t«t 5 

SrfiEftrottllc^St 4 1 1 «s^*-e* 5. tCX;\ - 

Itttt*. :53H6«o;&tt»$Ni:, i*-oJgA#fflia 

tt4£5i:*l<tt*5'^»2 0 (0 5 #88) 

5 Q ftfc. TFTTKIt BttlS&ttttJfoiaBAfr 

[0 0 5 6] nft— (OfeSSriiiaS-frSfctotrtt, 
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ft, -«Wft*gA*ffiia«-e*>4xtf, (iii) rtc7)« 

5tj«S2M£ (110) tt, [1 -1 0] , [10 -1] , 

[0 -1 1] 0 3ofiq£U ^;ft,-eh,6 oa^Sr^bt 
v^5o SEot, *s/^gB2 0oM#Mlil 2 OftJ^T 

*«a*UV\ ft*5. (110) OIJjK (2 11) 

ft S::i:a s £v\> ;io*g\ «$te/**;*ffi 
(2 11) tt. [2 -1 -1] , [1 -2 1] , [1 1 2] O 
3offftl, tft«x6 0«ofc«:ftL-0*5o 

10 T* s H*Uv\ 

[0 0 5 7] *s/*gB2 OCOP^t^S^l 20SJ;W 

#^4§^kmu 0 6^^-r<t5iw, [i -i 

0] ^^SU:2ft7-A [1 0 -1] ri?/£fi1-5flfj 
Id, 9^a»«£«#2 lfcisi^C. =7 *s ? j>3&l$lj& 

fi£P£S1-£o «5te/S**fi: (110) » % — vfc: 

Ki"5Ci:^JEt?*>5o ft*5, (^^»2 0 

[0 0 5 8] 2 [UStC^LfcJ: 9 

i 2 H 6 ^ffl^fcMffiCVDffi^J:«9, 4 5 0 tt\ 5 0 
nmO«»Sr*i-5*ttftS/y a^Mrfc^tt-fSo -to 

!:t«Nil (&JKJK) 4rJ*»i-6. to*, # B B 0 f 

30 y a ^flt*3 «t twkiuife^* — =■ v^-re * t k <t o 

T\ H5K*i-J: 3ft*s/^SB2 0Sr*-r5^°^ — 
Mt-5o tit, H3fc*Ufc««^l 0 OO^fBll^ 
^S^3mm/m i n^Mt^AU, ^{iJl^^l^S 

[0 0 5 9] i7(OTfi5i^ ft«Kdtt 

-*y^8B2 O^^o^TPt-O^ 0 B B ^31S'J$tb^ o ^ 

§15 2 0 ^@ilb^6^^tt^*g a s pH, #*£ B B 0 ^{rjoV^ 

[0 0 6 0] ftib\ 0 8ir^-ri *y*»2 OS: 

a*oeft*saifflLfc»-&-et>, 2oa)g B B B 4 0a*i 
(/4 0b^M4 l cn^\inte£Tf&ikJjmz&l£W\ 
otl^o COfc^. ^§15 2 0 Sr1g«0|gH%^xiii 

[0 0 6 1 ] :w»2^»:J3^T(), * 1 

ni&Mi&t mm. y ^ 2 o 
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[0 0 6 2] (*3H*»I6) H9tt, t»BW^nt 

if5^»K^*ffift*S:«Jffla*3 0 Ot^fe 10 

140 ox:\^±&^tdft<Dtf7*mwi<Dm£jj$\<D^ 

O«3g*jSfeSrRWi"*fc»^>*»B-C*)5 0 ID 1 

114, **M^»3*J6»Hit?fflV^5N i -Z nm&& 

B19~0 1 lSr#flBL-C. fS3HKfi»lB^ov^TRWi- 
[0 0 6 3] *i\ ^9^*R^ajc£:i"5fc»^tt, # 20 

Aft 1-4 6^^ [4, #J3 0 0 n s e c <G>RBU:#*J 0 . 
Ol/im^f 0 f«m r.c7)ri^b. 3 0 On* 



sect?. *S*»^bM*lPl»-0. 0 0 5 
tSmSt, *gfitf>/£;;gii*l4, 1. 7cm/se 
ctfc^o Sfc. Z.<Dtt, ELAft"C^iD«Hft*»4. 
S i 14 1 4 'GST 5 t^x.btL^)o 

[0 0 6 4] «£o"C\ *£ B e B J5gSg|5coM*^«ftJ:<. rt> 
o x 1 4 0 O'CfiftfciDjft-etfLMC, 1 . 5cm 

/s e cg«t?SS (X(4*D«vffi«) SrTHEtSritf 
fjmX*tbZ> 0 **3, ( 1 . 5 c m/ s e c ) 

J4. ^gbfc^ 0 B B^ti^v>J: JSgS/sgftig* 

(1. 7 cm/sec) £ 9 '> US^l-lSJt LTV ^ 0 

[0 0 6 5] ^f7^^^«4r%^^fc^. 
COS iI««*fcH:»te«l«^YAGU~1f~ ^KJBifttt: 
±9. ^ (4) ir«oT«»ttiraflt±#S:r*i<E 

T = T iBt + k t .... (4) 

tlx, ^ (4) wfijt^ti, (5) <7)fife2S* 
S**r*<. 
[0 0 6 6] 

afl/at=axa l 9/a x ! • • • (5) 
rnia^ ^ (6) tmbtiZo 

[0 0 6 7] 
[f£l] 



^a(2m + l)V[ \ 4l 2 



If 



£, Th* : flJJWi&ff. k:*ffitf)#fi£j?, a = ic / p c 
[ k :$M&m»». P c :it$Q-, m-0, 30 

1, 2, 3, -) 

-tf =7 7,(DW-2f- 1=1. 1mm. a = 0. 5 6 mm'/ s 
e c , «Jfflia*T,«= 3 0 OtitT, * (6) Zffi- 

Witf^e^T^W^fijiSt (Mitf6 5 0t) ti-5o 

w<7>&£\ El9Jr*5t>T. $S£0. 5 5mm^^6 5 

So 

[0068] ufc»ot» mm<nT¥ft&m&t'tz>\c 40 

»tiilWSJ,5 0 1 ■ 5 c m/ s e c 

-e*>5*g\ 0. 5#OTTt«ypt7^i5 

[0 0 6 9] «±<Djft*r#Sri/T\ #7*S««:/fl^fc 

(g^yp ±*^<d w <Df& m m -e #> 5 % 3 musmir 

OV^KTA*Kl-HMt5o corning # 1 



7 3 7i 



fc@L 7"7 X-7 c V D SC J: o T ?N B 0 S y y ^ 5 50 



5#BR) iwfttt-fkbfca. 10 0nm(7)SiOig?:/ 

y^ffiSrffl^T, llfi%-Zn/Ni^ (HAtt 
1 400t) ^5 0 0nmWf^T^lf^ o 
[0 0 7 0] KDSfiS:, 3 0 0tiCffiMUcf|, 
M(7)A r #H^*-C, E 1 0 0 1 0 

6 4 nm<7)i||tt3gtI?SY AG (Yttrium Alminum Game 
t) if— tf— ,6,3 0&7. 5mmfi"CH8l+U 
Sri. 5cm/sec(DlST^ill$^§ a 010^ 

* (HiaiHlgS3 l*3ct^y— h K7-f/<3 2) C^Htt 
MtSo ft*. ffllfig(5 3 3f4, tftliifRMMMfcW* 

[0 0 7 1] Y A G l/-t'-^lix^;U^-|;ol ^ 

(6) &x-e«#u *D)naflc«wffia-»-«»**u5i< 
(7) ir?i^ 0 -cd^; (7) *«#as 

[0 0 7 2] 
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16 



[«2] 



32T 



* (7) Mri£#)\zm&Q*#iit>Z> t . 

[0 0 7 3] 
[Si] 



,£(i«(2m + l)V 

JWTCQ^ 1 



1-cxp 



-a(2m+l) 2 2 

-7T * 



4/ 2 



•(7) 





Q 

(J/cm 2 ) 


1#fil<0»« 
(J/cm 2 s) 


0.03 


21.2 


706.7 


0.10 


38.8 


388.0 


0.15 




316.7 


0.20 


54.9 


274.5 


0.35 


72.6 


207.4 


0.45 


82.3 


182.9 


0.55 


90.9 


165.3 


0.65 


98.7 


151.8 
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0. 5&EJlT-e>^o-fe < xSri|ftT-f'Sfc»^l4, 20 
175 ( J/cm's =W/cm 2 ) 

[0 0 7 4] ^/^— COKJR** X £ U t^Af : 
L (cm) , tf—Atg : W (cm) CO — 2*\z£ })U$& 

wxr 1 (W) K»*R^J:*ajfe**P5feU*:to4:ft 

[0 0 7 5] r.IT\ YAG^f-(ONi^ (5 0 
0 n m) / S i Oi ( 1 0 0 n m) /# 0 B 0 R>> JJny 
(5 5nm) ^»i"5»lR*S: * = 0 . 3, t-Ag?; 30 

= 0. 75cm^t^^ 1 7 5 X 5 5 X0. 7 5 X 
0. 3 •'=2 4 0 6 0 (W) - 24, 1 ( k W) 

[0 0 7 6] K±fc*Lfc*#H:, ^f7^a**S»^S 

v\ ^cd j; 9 |:tnii, If— tf— A^BB*tffi8l (iS 
ffiSB^BBfR) ^^i-a^-C', Stg^Wflfttt^ffiT^^ 40 

[0 0 7 7 ] S«S±ffi^ l 1 fi%-Zn/N i ^ 
tt, YAG U~ 1f-3fe*S:!RllRi"4i*«-, S1340 

t;-ciwsiu&«>, tti 4 o ot-cjs^Kiww-ra (Hi 

l#H8) o z.<otz#>* if— J-^/u*— *S3fii~^fc» 
5 0 ^ixn ± 9 , iDfKftlifiAlliKl 1 3 4 Ot-fi 1 4 50 



0 0°Cmjm^«:/cn5o 

[0078] z.(D£o\^\.x'&guik*mi'is^tz.'&^ m 

ffiCDl lSI%-Zn/N i-fr&tt3E7k*£Ottl£«fc 9 
[0 0 7 9] i«)«f3jafc»«^)**KJ:ixtf, 

JtEtfVsO^Sggtf) E L Aj£tf) J; 9 ^ If — yttf'< "7 3> 

[0 0 8 0] Ell 2li, *%£W<DM4 

!lnyg^^/^^^U:¥IW7^ MUX 

eh 3^, gii 2 si* u*: * 4 mmmrn ^x^^ 

y ^ / ^ - y Srii ^cIhIB/^ - y & * bfc^pffi T 
*hRlT?*>S. -(D»4|81S?gjBt>. ±iSL/c»3*36 

KIT. mi 2*3j;t*Hl 3«r#flBUt\ *4 3»««C 

[0 0 8 1 ] r«>!(l4jBK»«-eH:. *1\ corning# 

1 7 3 71« (^f7^Sg) ±ir^F»4fc/<y7rJi*» 

*ufc*, 4 5 ot, lWiwaasoifcK^asrfi 1 5. 

[0 0 8 2] -teogL ^Hft«Ht45S iOiK.tr 
10 0nm^t«t§o fit, n-chgB&w. 
B'S: 3 5 k e V. 2E12c m^^#TT\ £/c x 
p-chfc P'SrlOOkeV, 2. 4E12cm 

tr, NS^«*# K-^Sn** 

<7)±^. 1 lfi%-Zn/Ni^^5 0 0 nmc7)I 

[0 0 8 3] Iljft%-Zn/Ni^4 

^iii^^ nest Lt/<?-=>^Lfc«, y- 

VKWySAfcitfn ■ chLDD&AiSrtT9o - 
<D L D DftAte^ P'?:80keV, 3 E 1 5 c m - *<D 
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[0 0 8 4] fit, 3^** h*— A^JSjllJ^^/Mt 

mZMf&Vtz.'&, **ft»a«rfir5wilcj:9, Si l 3 
l^«9ftTFT7W^8«c Hl3*r#«aL 
p - c hg|5 6 lfcitfn - c hg($6 2 trf4, -tJx-? 
tu, h®H6 1 a isXXfe 2 a ^J^StfTV^o 

[0 0 8 5] r©»4HJt*«-t?M:, ±fSLfc^3^JS 
llft%-Zn/NiM^-M 
gtUfl^iO-C, llfi°/o-Zn/Ni^Mi 

[0 0 8 6] (S5 UttT&M) 014-017tt, 
Sfcfco»ffiBi8J:tf¥ffiH-e*So J^T, Ell 4 —El 
[0 0 8 7] :o*5»wm Si*. E114tw^ 

-r^?^ #7***1 1 0 ifciieiiwd^fts'Ftt* 

1 1 1 ±.\z y Ell 5^*-t"±5*^* w ->'S:*"t"S8R , IX 
■ l0lfei(;i0 2S:Mt5o r^p^iRJl 1 0 1 *3 

J;(/10 2il Cr, Mo/^MI^^^o ^<^9 
^ B 0 p^^^m^M*^^^i~^^iRMl 0 2i4, 
Ell 5«r*-r±5l-, H*SB^iffi3tSBt*sy7^^^ 
hy^* (BM) ^✓^ — ^SrWi'SJ: 5 W&SfcSJx 

*5i*5®nxjf lout a^*3?n5*4K>' y =« ^ 

[0 0 8 8] ft**, IfsRSS^TFTJi, -t*Uii?*VH4 

m&&wk^tz^iz#>* mm$wwi&m 1 o 2 

[0 0 8 9] — >SrW-r*SR4XS 10 1I1 

frfb k fea is * ft v « \z o/^^o 

3b\ ^7*'**~^£*1~5#KJfcJf l 0 l^m^Wft 

[0090] Sfc, r.w»5SI*«tt^*ty^^*-> 
$rW-t-£KHxJi lOlfi, El l 6 \z^irX 0 @ftg{5 
1 0 1 a^i4< bfc»«*r*L"CV^6 0 i"ftfc%. 
SRUXJl 1 0 1 <7)/SftgR 1 0 1 a Ji, ft£>ib7Hr*g$g£tL 

:Hl:J: V , z <Dffiftg|5 1 o i a T-<D$fffcft#S 

[0 0 9 1] El 1 SJoJzt/El 1 6l^^i-«t 9ftKHxe 1 
0 1*3J;IM 0 2«rJgj*LfcflL El l 4 Iw^-f £ 9 
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-?r<DDJiiteJi 1 0 l^i^l 0 2S:SU S i 0 2 

•^s i Nift4ra*fcft*»lMijii 1 2^Mta 9 
XDUti 1 2±£Si^fcft*#fi«$'y ^1113 
sr^-r^o w^m^s **w^y ^mi 1 3tt. 0f 

fe(D'<* — ^^iT^RUm 1 0 1 *5£t/l 0 2^_b^ 

[0 0 9 2] rOttJB^fe. YAGU-f-^^illc 
*SIKKj6tr— ^Srfflv^T. El 1 0J^bfc»3HMJK 

si 1 o*fc»«»jfttf— ^sr^s-r^w^^io-r^ 
iMfci-5o z<Dm^(D#ghn^y =>Bti 1 3<^«g^t 

(4, TJBKKCUl 1 0 1 *5±t/l 0 2j&M¥«E1-S«B#<0 

*tffons 0 *JMrs/y=^«i 1 3kr 

iRJBl 0 1 — >-SrKJtft<rt. 

rco^, /^-y^ymi^^ot, Eli 7lz.7jk 

ti5/^g 0 |^y^^l 1 3a^««:^^ 

20 [0 0 9 3] lElfc»8BV>!) ^>J8ll 13a <DMf& 
Mft&Ml 1 4*3<tT^y- MSl 1 5 £r?£/5£ 

[0 0 9 4] ^co^, EI*Uftv^Pfljf6»K^^^yuE 

30 [0 0 9 5] :(Dl5SSfiT11 Ell 7lr 

^-r^^iw. 5R1R» 1 0 1 irlEag^^r V (C-MO.S* 
^n-chTFTOKW^l) ^f B 1i:^7^1 
EE^ffl*D-r5o znizXV. KJRS 1 0 1 3js*«x<-^ T 
^^U- bTi!)<fc^, TFT^t#V^lEV n 

[0 0 9 6] ^fc. » 5 ^fCi/y 
Ml 1 3cd|S 0 b b ^^, 5R4X«i 0 2«li^gS^ 
B*»^5y^ h !> (BM) fc UTi^ffl-r^ 

t bt>frs ®flXJB 10 1 ?:1S^7^/1/- Ft U 

40 jEffl-rso -m- ± 9 . w&m 1 0 1 *3 xxi 1 0 2 

[0 0 9 7] Sfc, »5 3816JBll8-e«±, ±iS^±9^, 
fftJRJI 1 0 1 Jr* y ^ - y t »*{tt 4 1 i: I- i o 
t, lla^Ri l 3 14, PJiHX^ l 0 1 {r^j-^-r 

vMi 1 Sfe^ty^^-V'Wtt^* — >=^^-t"* 
50 ^^ftv\ -tn^J:9. #iSy!i^gl 1 3^^ 
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#So 

[0 0 9 8] i5H»it*H »>^> 

Jgll 1 3 £r^:y ^*->ldAPli*:1*ld. P^l&Jf 1 0 1 

1 0 l ^«-»JSi-4*ftlt5/y =^flt i 

1 3<o»#*s*NMfc$ft5»^fc* *<0tt*ffcS*tfclH 

^sr*-rs»iRJBi o i id^/^s^fc^y a^ati 

#So 

10 1 fcWfltflV** — y^^fifv'J sV'lttl l 3 

^bi-s»-&t%*:b4x5o dco^idi*. ^nwv-y 

Sr, KflXJB 1 0 1 ± 9 fc*# < 1-S*N5tf W— td-rs 0 

- v4HI»-ei4 , ISSrft: S Jt4 v HH**#ft"t- S d. fc Id # 

[oioo] d ^¥&K^lf i 3<ns<* — 

>>mi<om&t:'<9 -y^-taoaKJ: «9 iS < -T S fc* 
Idil, l 3co^->/^ 8MX/I1 

0 l (TV** — >-£ Sfctt* SftifcJl 1 0 1 co 

dfcld&s 0 i o l <o/** — ;/<o 5 ^>H*w36if ^ 

-^»?)Sp 0 B ft^tt^ttT^ 5 *>-e*>ntf , fc. 

kz_&lf : 7*<D}W-&<D 1/21-/^^^0. 5mm*IftJ£Jt 
T<E>$alSld&S k^Z-X£^\ dco£?ld;%;iSfc, * 

mfc&S 0 

[0101] Uc^ot, =*>-JBSl 1 3*5 J: 

WRUXJB 10 1 Sr^y 9**9— >\zs<9 — >~z/tf-t%> 

Kid, ±E<0J:3fc*tt*:*fc*tf. 

1 1 3^<^ — >MSSB^ia«Sr(&ffl^5r t^s-Ct 

;ifc^-C£So 

[0 102] (*6H16^«B) (Hi 8-02 1(4, *38 
Sfcft^WBBBIfcitfSpffiia-rfcSo (Hi 8-0 2 1 £ 
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[0 10 3] IOf6^1fit1j:, @18i:^ 

4 lSr»j*-t"So ^tt, fflfe/<5/7 7il 4 l_h 
Id. HI1 9ld^£;txS£ ?4^->-^tt£:*^S®& 
1121 *3±t/l 2 2 S:^i-5o iKi 12 111, ffi 

£ffilw#/fc$ft-CV*5. Mil 2 2lt ttJkftMB 
WBf*»^^7 v9-* V V (flE3bR) fc UTt&ld 

flt/B"C£3 J: 5 |^-> = y^sntv^o 
10 [0104] r^J:5»il21ioj:(;i22l 
Id. his Id^-^ct 5 Id. JIMfeiUJI l 4 2 &BJ&-f 
So JimtttUKl 4 2_bld. *fiffiyy 3VR1 3 OS: 
Ml&L,iZ&. dcO# B B B «>-!J =a^J«l 3 OCDPj^ifcJf 1 2 
1 ld#/S1-5ffli#Sr, 0 2 Old^ixS «fc 5**5^'* 

^-v^^-rsjFmid^^-^^^i-So dcom^. * 

y ^ /^-y Srtt^^f '> y 3 i 3 0 li, 
rfc, 1 n y ^ r i <C ^tftttftt 

So d^ldj:*). «(OlS"e:wiSttSS:»fl[iyfy 

20 [0 10 5] dOf£. = VJR1 3 0_bld, ^ 

- h$fe#^l 4 3 Sr^bT, hlgl 3 1 

So :^Mfil3 1|j:, i2 1l^tJ:?^^^ 

- v Sr*i" S «fc 5 Id^jBrg-T S o 

[0 10 6] ±M<o£.ot£ff — Mgl 3 l Srflgj* Lfc 
y— ^ • KWyaA*5±t>'LDDaAS:ff5o 4 
jb\ ^Id^CT, h«ffil 3 1 <0»j£tfjld, ■^■-y 

Y—z/^n o t fc <t v > 0 

[0107] *ld s |Ej 1 8 td^-TJ: 5 Id, tfy^Wfo 1 
4 0wiI*tliIiJ:D, YAGU-lf— 4if^5a« 
30 tr— Ms «:J»*H-5 d fc Id iotSfiftifi 

dfc^-e^So ^/c, dcoi:#. m&l£bmmz % y— 

So dnidi|?^igyni?^S:fB!»&'fk-t-Sdfc^T*# 

[0108] IBeiGK^tt-ea. 3 ^ 
fil 3 0±ld^- MAWRl 4 3S:*ritbfcflHc % ^ 

hmmmi a 3 t^&w^v ^113 o^^s^i 

oT. y-Mft»Btl 4 3^«*ftSrBBSrfcfc-e# 

So 

[0109] (17 Htfeff^ffi) HI 2 2 ~H1 2 4 14. 
Sfc»<^»rffiBI*5j:^ffil2l"efc4o 0 2 2—0 2 4^ 
i~So 

[oiio] d <om 7 mmmmx^ 022 id^-r x 5 

id. £«1 5 0_hld. |l«fr<777i 1 5 1 *m 
50 ^i"So SlT^<777ll 5 l±ld, Cr^5)4 
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[0111] z.<Dm7$mmmx~\*. mmi 

5 2^)«gBl 5 2a^, *^g|5i^^^-o {^^ffl «9 

y r?Ar>*=^Aa-&#jRjr i okiRJI 1 5 2 4r^^ 

[0 112] >fc*3, KJRJSl 5 2<D^ffitg3g^, 

m^9— >tmmx&>y , i*o^y^/^-ytt02 

3^^-r± 5/^*— >£#5 0 B2 3 ir^-f-RifcJB 1 
5 2^y^/^-y<OgftaJ{i, Ell 6fr^Lfc3?5 

[0113] kjkji 1 5 2<Dmm\L<D'&, m&m 1 5 2 

±|CS i Oz^S i Ni*^*6»R^b*5»2^<y7 
ril5 3S:Mt5o :wl2/^y77il5 3i: 

4*5, n<D#MHf'>y 3^(11 5 4tt. 5R«X/fl 5 2 £ 

[0 1 1 4] Z<DVtmfrb. EI2 o\Z^ YA 

gu— if— *^<o*«**«»«tr—AS:ffiv^-c, mi 

0 b/c^ 3 mMitm^tM^ t mm. ^^9^9—^ 

1 5 o&fr&m&&¥—j*&m&i-z>zt\z£<>xu§ 3 

IRS 1 5 2^#«Ei-5SB^^W^ns o bfc^oT, 

#«&«vy ^yii 5 4 w^^^u 

r % iNfcSCv' y = >« 1 54 i*« H wtt5 r £ as-c# 
So ::JxfcJ;9, HMeA*>y =»^«l 5 4 a 

[0115] r^JU7*jfc»«[i-ett, Rflx* 1 5 
2^7-/«i:««:^iaot, RflXJil 5 2 

tlXg 1 5 2^±*^ffi«i-5#*«->y ^>^1 54(7) 

mm 1 5 2 <D#£g|5 15 2a Srx-/^^iwff^-T5 d 
tl:<toT, RifcS 1 5 2<D*g£|5 15 2a 
< KZ)<DX\ mm 1 5 2 15 2a -CtD^te* 

^^fST-T^o ^tt^«t9. KWJil 5 2<Z>jBffll 5 2 a 
coaffi^ttfcTi-S^-C, KlRJf 1 5 2 <0«sS5 1 5 2 a K 
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[0 116] $ fefc:, RiRJi 1 5 2<7>«Sffl5l 5 2a ^ 

15 2a -t»<o*KiR*#(STUT»*^teTi-5 4: i 
BJlfcJf 1 5 2 co^gp 15 2a <0WrB8W s *fefr1- 3o 

r fur J: 9 , KUxJI 1 5 2 *>*B??|5 1 5 2 a &$?Mti/ D 
=*>jgi 5 4 l:^ 1 6M*^r«t 5 ^ t ^T:^ ^ 0 

-t wtiim 1 5 2 <oma 152a 
w^v^^mi 54^w^i^@t5tM^ 

10 [0117] ^SBB**nfcl»6»llBtt, -t-^T 

[0 118] (1) fcijttf, JilE*Jll£«*-e«:, #A 
S iH4S:it^»ECVDfc ^ty/^r.^^ 

[0 1191 (2) ^MHt^y =^«t*r*«-r« 

3 yll:^ t yftAS 4 St S i *4T«:jT*>5&tf 

[0 12 0] (3) *fc, ±lESB2-*4HJfe»«-e 
H&i*, /^-^«^^^^Sr^b^^^fl B8 2 

(U5^^bfc^^-v(D^{w^:tfT^, m— 

SUt^ 0 ^fc, Ell 5^^U/c/<^ — 
40 [0121] (4) ±|E*2*sJ:t/JS3|ilfc315Mi 

fimK^fc^. *«wi±^ixfc»b-r. tzt±\t, [92 

7»r*+J:5K, 3gft*ft««7 o^ft^y ^SB 7 

0 a joit> + 7 0 b ^rSttS ± 9^ It til^ ^^<t9 
[0 12 2] (5) ±E*3*3J:tf»4|IKII^«J 
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ffl^Tfci^o Sfc, iiKBSlllfflU'— »*-»rftifC, » 

[0 12 3] 4*5. 7^*«rfflV^«(SiB.7 f n-fe^©ig 

0 0(D±g[5trX e 7-^7^/8 O^Rf SlXTl^t 

4S£*fc:*3V*T. S«i l«ria*4glB«* (ISdl/fcEffi 
«) 8 3«riiiir«J:5fc3l*tfc<iiJcJ:9, ISirt 

■rat^t** 4*S* r. t Jjs-C* 5o 

[0 12 4] iSjSjK-^W^czjftSr^V^TiO^i- 20 

0>»S\ Hfi%-Zn/Ni^M^NiM, 

Rttflli: Ltffll^I i^wftg-efe^o 4*3. i:fS<^N 
Itfflv^ll *3*3J:WJB4li 

[0 12 5] (6) Sfc. *2j6StJB«^*3Jt5«»-ffc 

J»4 ifo^ffi t ffl v > 3 r ^s-e # 3 o 
[0 12 6] (7) Sfc, KSl*5±tf*2*KHgllS-e 
tt, Jgfij«*5«ftS:±»f Sfc«xo^*«t UN i Bt£ 
MWc;^ «BlirnirH?>f, fciitf. Pt, 

[0 12 7] (8) ±BJB2— »4«»»»t? 

^^#-y*t*JP*fcl4a«a6filY AG i/«f -Sr 40 

•9 0. 0 0 5 ^mi:t6t RRWffljft*^ 5 0 O H z "C 
fc % 2. (0. 1 5 mm/m i n ) <t^3?i- 

h^lSTt^o so 
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[0 12 8] (9) ±IB«E7|tll0gtt"t?tt, ®JR 

1152 £D^g(5 15 2a *J--/<W*k\^l&$rt~Z> X 0 \Z 
VtztiK *38WW:rtL^I»?>'f, SMXJil 5 2 0>8BfflSi 
5 2a 4S^tt-efc4xfi, r-^jtmsM 

[0 12 9] 

laswoswft] w<o±5i^ ^jE^twiixwr, s*4 

[Hi] ^H H B^^m^<tI>^ S B B^^tii^S<tO 

— «W4B8<SS:*bfc*BB8B|-e*)S 0 
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